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Abstract Childhood cognitive and test-taking abilities

have long-term implications for educational achievement

and health, and may be influenced by household environ-

mental exposures and neighborhood contexts. This study

evaluates whether age 5 scores on the Wechsler Preschool

and Primary Scale of Intelligence-Revised (WPPSI-R,

administered in English) are associated with polycyclic

aromatic hydrocarbon (PAH) exposure and neighborhood

context variables including poverty, low educational

attainment, low English language proficiency, and inade-

quate plumbing. The Columbia Center for Children’s

Environmental Health enrolled African-American and

Dominican-American New York City women during

pregnancy, and conducted follow-up for subsequent

childhood health outcomes including cognitive test scores.

Individual outcomes were linked to data characterizing

1-km network buffers around prenatal addresses, home

observations, interviews, and prenatal PAH exposure data

from personal air monitors. Prenatal PAH exposure above

the median predicted 3.5 point lower total WPPSI-R scores

and 3.9 point lower verbal scores; the association was

similar in magnitude across models with adjustments for

neighborhood characteristics. Neighborhood-level low

English proficiency was independently associated with 2.3

point lower mean total WPPSI-R score, 1.2 point lower

verbal score, and 2.7 point lower performance score per

standard deviation. Low neighborhood-level educational

attainment was also associated with 2.0 point lower per-

formance scores. In models examining effect modification,

neighborhood associations were similar or diminished

among the high PAH exposure group, as compared with the

low PAH exposure group. Early life exposure to personal

PAH exposure or selected neighborhood-level social con-

texts may predict lower cognitive test scores. However,

these results may reflect limited geographic exposure var-

iation and limited generalizability.

Keywords Cognitive development � IQ �
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Introduction

Childhood cognitive abilities have important long-term

implications for educational achievement in childhood and

adolescence (Deary et al. 2007; Fergusson et al. 2005;

Neisser et al. 1996), income and occupation in adulthood

(Fergusson et al. 2005; Sternberg et al. 2001), psycholog-

ical well-being (Johnson et al. 2011), and life expectancy

(Whalley and Deary 2001). In general, higher intelligence

quotient (IQ) scores are associated with higher educational

achievement and more positive outcomes throughout the

life course (Braaten and Norman 2006). While cognitive

abilities are partially heritable, they are also determined by
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environmental factors at the individual, family, and

neighborhood levels. Longitudinal studies suggest younger

children may be particularly susceptible to environmental

influences on IQ, while heritability becomes a stronger

predictor of IQ as children grow older, such that herita-

bility of IQ is estimated at approximately 30 % in early

childhood and increases to more than 50 % in adulthood

(Brant et al. 2009; Deary et al. 2007; van Soelen et al.

2011).

Childhood socioeconomic status is a key determinant of

health and wellbeing throughout the life course (Cohen

et al. 2003; Leventhal and Brooks-Gunn 2003; Phelan et al.

2004; Pickett and Pearl 2001; Popay et al. 2003; Wen et al.

2003; Wheaton and Clarke 2003; Williams and Collins

2001), and may have relevance to cognitive development.

Poverty reflects a set of interrelated conditions and path-

ways that extend beyond economic resources to affect

human development (Huston and Bentley 2010). Children

growing up in disadvantaged families and neighborhoods

may have more toxic exposures through local air pollution,

pesticide use, and dilapidated housing (Adamkiewicz et al.

2011; Evans and Kantrowitz 2002; Gee and Payne-Sturges

2004; Hutch et al. 2011; Jackson and Tester 2008; Ou et al.

2008; Perera et al. 2002, 2005), and may have less access to

positive social conditions such as educational programs and

parent–child interactions suitable for cultivating language

development (Hanson et al. 2011; Huston and Bentley

2010; Patacchini and Zenou 2010; Slater et al. 1987). While

family and neighborhood socioeconomic disadvantage have

been linked to reduced child cognitive abilities as measured

by IQ (Brooks-Gunn et al. 1996; Duncan et al. 1994;

Johnson et al. 2011; Sastry and Pebley 2010), academic

performance (Andreias et al. 2010; Hanson et al. 2011;

Sastry and Pebley 2010), or language and intellectual

deficits (Lloyd et al. 2010; Sharkey and Elwert 2011;

Vaden-Kiernan et al. 2010), less is understood about the

relationships among the specific environmental and social

exposures that may predict cognitive development.

Environmental exposures may disproportionately influ-

ence the cognitive development of children growing up in

disadvantaged environments (Rowe et al. 1999; Turkheimer

et al. 2003). For instance, among twins in disadvantaged

families, 60 % of variance in IQ was explained by the

shared environment and close to 0 % of variance could be

explained by heritability, while nearly the opposite was

true among twins in affluent families (Turkheimer et al.

2003). Social and neighborhood conditions may exert

independent influence on cognitive development, or may

confound or moderate the associations between individual

exposures and cognitive development.

We propose to examine this possibility while building

on previous analyses showing that polycyclic aromatic

hydrocarbons (PAHs) predict cognitive test scores (Perera

et al. 2009a) in a Dominican-American and African-

American birth cohort recruited from low-income areas of

New York City. PAHs are a set of common airborne

environmental pollutants that originate from incomplete

combustion of fossil fuel, tobacco, or other organic mate-

rials (Bostrom et al. 2002; Delgado-Saborit et al. 2011).

Fetuses and infants, especially those living in urban areas

with high levels of air pollution, are highly susceptible to

PAH exposure (Anderson et al. 2000; Council 1993; Dong

et al. 2008; Edwards et al. 2010; Grandjean and Landrigan

2006; Herbstman et al. 2012; Jedrychowski et al. 2005;

World Health Organization (1986); Perera et al. 2004,

2009a, b; Sanyal and Li 2007; Takeda et al. 2004; Weiland

et al. 2011). We evaluate whether prenatal and early-life

exposure to household or neighborhood settings confound

the previously described association of PAH exposure with

IQ, and explore the possibility that these neighborhood

contexts independently predict age 5 IQ scores (Edwards

et al. 2010; Perera et al. 2009a). We hypothesized that

indicators of early life neighborhood disadvantage (pov-

erty, low educational attainment, low English language

proficiency, and inadequate plumbing in the area sur-

rounding prenatal address) would independently predict

lower cognitive test scores at age 5. In addition, we

explored whether those with high PAH exposure would

have increased susceptibility to local influences, as indi-

cated by stronger neighborhood social context associations

with cognitive test scores.

Method

Participants

The Columbia Center for Children’s Environmental Health

(CCCEH) birth cohort in New York City was designed to

evaluate the effects of prenatal exposures to ambient and

indoor pollutants on birth outcomes, neurocognitive

development, asthma, and pro-carcinogenic damage

(Perera et al. 2003, 2006; Rauh et al. 2004). Participants for

this study were recruited during pregnancy from women

registered for prenatal care at the New York Presbyterian

Medical Center or Harlem Hospital. Pregnant African

American and Dominican women between the ages of 18

and 35 were recruited by the 20th week of pregnancy, and

their children were born between 1998 and 2006. Women

were excluded if they reported current smoking or had a

history of drug abuse, diabetes mellitus, hypertension, or

known HIV infection, or if they had resided in the area for

\1 year. All study procedures were approved by the

institutional review board of Columbia University, and

participating women provided informed consent.
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Materials

Measures of Child Intelligence and Neurodevelopment

The Wechsler Preschool and Primary Scale of Intelligence-

Revised (WPPSI-R) (Wechsler 1989) was used to assess

intelligence and neurodevelopment at 5 years of age. The

WPPSI-R is an individually administered, standardized

measure that has been previously validated for ages 4–6 years

(Flanagan and Alfonso 1995) and is shown to predict aca-

demic achievement (Kaplan 1996). Although important

fluctuations in IQ occur in early childhood, moderate to strong

correlations are observed over time (e.g., r = 0.77 for IQ at

4 years compared with 12 years later) (Braaten and Norman

2006; Sternberg et al. 2001). The WPPSI-R includes distinct

performance (e.g. geometric design, picture completion,

mazes) and verbal (e.g. comprehension, vocabulary, arith-

metic) subscales (Wechsler 1989) that make up a full-scale

composite IQ score. The scores are designed to have a pop-

ulation mean of 100, and a standard deviation of 15. The

WPPSI-R was administered in English or Spanish based on

the child’s primary language. Scores from the Spanish version

of the WPPSI-R have been excluded from this analysis

because of differences in the Spanish and English language

versions that may limit comparability, and as the Spanish

version has not been validated for this population.

Housing and Neighborhood Characteristics

Indicators of building disrepair were self-reported by

mothers during the prenatal interview (Rauh et al. 2002)

and summed to create an index that included one point for

each of the following problems: water damage, leaking

pipes, peeling or flaking paint, holes in ceilings or walls,

and lack of gas or electricity in the past 6 months. This

index of disrepair, used in previous reports from this cohort

(Lovasi et al. 2011; Rauh et al. 2002), ranged from 0 (no

problems) to 4 (4 or more problems).

Neighborhood characteristics were defined using a 1-km

network buffer around each prenatal home address.

Addresses were geocoded using Geosupport, a software

package developed by the New York City Department of

City Planning. A one-kilometer network buffer (Hoehner

et al. 2003; Lee and Moudon 2004; Moudon et al. 2006;

Oliver et al. 2007) was constructed by following the

pedestrian accessible street network for one kilometer in

every possible direction from the geocoded address, and

then joining these points together to create a polygon.

The characteristics of each neighborhood buffer were

estimated using a spatial overlay with block group data

from the US Census for the year 2000, summary file 3.

Assessed characteristics included the percentage individual

residents who were below the federal poverty line, the

percentage of residents over age 25 who did not complete

high school or equivalency, low neighborhood English

language proficiency (defined as ‘linguistic isolation’ by

the Census Bureau, meaning all household members

14 years old and over have at least some difficulty with

English), and the percentage of housing units that were

without complete plumbing. In addition, neighborhood

racial composition (percent of residents reporting their race

as black) and vacancies (percent of housing units that were

vacant) were assessed but excluded from further consid-

eration based on their strong correlations with low neigh-

borhood English language proficiency (|r| [ 0.9).

Polycyclic Aromatic Hydrocarbon (PAH) Exposure

Measurement

Personal monitoring of prenatal PAH exposure was mea-

sured at a single point in time during the third trimester of

pregnancy (details described previously) (Perera et al. 2003,

2009a). The women wore a small backpack holding a per-

sonal ambient air monitor for 2 consecutive days, and at

night the women placed it near the bed. Pre-cleaned quartz

microfiber filters and polyurethane foam cartridges were

used to collect vapors and particles less than or equal to

2.5 Mg in diameter. The samples were analyzed at South-

west Research Institute for benz[a]anthracene, chrysene,

benzo[b]fluoranthene, benzo-[k]fluoranthene, benzo[a]pyr-

ene, indeno[1,2,3-cd]pyrene, disbenz[a,h]anthracene, and

benzo[g,h,i]perylene. Quality control procedures included

checking the flow rate, time, and completeness of docu-

mentation for each personal PAH monitor. All prenatal

personal air samples had detectable levels of PAH (Perera

et al. 2003). High exposure was defined as above the median

of 2.26 ng/m3 (Perera et al. 2009a).

Maternal Interview and Assessment

A 45-min prenatal interview was administered to each

woman during the third trimester of her pregnancy, con-

ducted by a trained bilingual interviewer in either English

or Spanish. The interview, which was adapted from a

related study in New York City (Perera et al. 1998),

included questions on demographic and socioeconomic

characteristics, lifetime residential history, smoking his-

tory, drug abuse and health history, and characteristics of

the home environment. Tobacco smoke in the home was

assessed by asking if there was a smoker in the household,

and was validated in this sample using serum cotinine.

Maternal intelligence and the quality of the caretaking

environment were assessed when the child was approxi-

mately 3 years old. The maternal intelligence assessment

used the Test of Nonverbal Intelligence (TONI), Second

Edition, a language-free measure of general intelligence
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that is considered to be relatively free of cultural bias

(Brown et al. 1990). The quality of the caretaking envi-

ronment was assessed using the Home Observation for

Measurement of the Environment (HOME) instrument

(Caldwall and Bradley 1979). The HOME quality score

integrates information on physical and interactive aspects

of the environment, including parental interactions with the

child and play materials that provide a variety of stimula-

tion. The language of prenatal questionnaire administration

and the home language recorded during the HOME

inventory were used as indicators of household English

language exposure.

Data Analysis

All analyses were conducted in Stata 12.1 using cluster

robust standard errors that account for clustering of obser-

vations within community districts (59 named areas of NYC,

governed by community boards). To facilitate comparisons

across models, each neighborhood characteristic was

re-scaled to have a standard deviation of 1. Differences in the

tables can be interpreted as the contrast for children whose

prenatal neighborhoods differed by 1 standard deviation.

Adjusted models included the following covariates: sex,

ethnicity, maternal education, maternal IQ score, environ-

mental tobacco smoke exposure in the home, quality of the

caretaking environment, and household English language

exposure. Interactions were explored by examining contin-

uous neighborhood predictors in PAH-exposure stratified

models, with interaction p values based on Wald tests of an

interaction term added to models in the full study sample.

Additional analyses adjusted for post-natal PAH metab-

olites, used age 3 home address (instead of prenatal address)

to define neighborhood characteristics, or accounted for

incomplete follow-up using inverse probability weighting

(Hernan et al. 2004) (see Electronic Supplementary Mate-

rial). Potential bias due to incomplete follow-up was

addressed through inverse probability weighting as a sen-

sitivity analysis. Inverse probability weights were estimated

using logistic regression models predicting successful fol-

low-up and completion of the WPPSI-R test at age 5. The

logistic model was evaluated using a Hosmer–Lemeshow

test and visual inspection across deciles, both of which

suggested good fit to the data. Inverse probability weights

ranged from 1.1 to 6.3.

Results

Of the 727 children enrolled, 326 (45 %) had complete data

on prenatal exposure to PAH using personal monitors,

prenatal neighborhood characteristics, and a WPPSI-R test

completed in English at age 5 (Table 1). Dominican chil-

dren and those with less household English language

exposure were more likely to be excluded based on lan-

guage of WPPSI-R test administration.

Total PAH exposure was not significantly correlated

with measured neighborhood characteristics (Table 2). The

highest correlation among these neighborhood character-

istics was between low neighborhood educational attain-

ment and low neighborhood English language proficiency

(r = 0.85).

A previous report from this cohort using comparable

methods included 249 children who had completed the age

5 assessments at the time of analysis (Perera et al. 2009a).

At that time, those with high PAH exposure were reported

to have a 4.3 point lower total score and a 4.7 point lower

verbal score (both with p \ 0.01). In the present analysis of

277 children with complete covariate data, those with high

PAH exposure once again had lower total and verbal

scores, although the magnitude of the difference was

somewhat attenuated following the inclusion of more

recently tested children (Tables 3 and 4); the association

was statistically significant for both total and verbal scores,

with a mean difference of 3.5 total points and 3.9 verbal

points between high and low PAH exposure groups defined

by a median split (p \ 0.05). The association of prenatal

PAH with total and verbal test score was somewhat

attenuated following adjustment for low neighborhood-

level English proficiency (Tables 3, 4, Model 5).

Neighborhood limited English language proficiency was

associated with lower WPPSI-R total, verbal, and perfor-

mance IQ scores (Tables 3, 4, 5, Model 5). Each standard

deviation decrease in English proficiency was associated

with a 2.3 point decrease in total WPPSI-R score (95 %

CI -3.0 to -1.5) a 1.2 point lower verbal score (95 % CI

-2.4 to -0.1), and a 2.7 point lower performance score

(95 % CI -3.8 to -1.8). Low neighborhood-level educa-

tional attainment was associated with lower performance

IQ scores, but was not significantly associated with total or

verbal scores (Tables 3, 4, 5).

Each neighborhood characteristic was also considered

within low and high PAH exposure strata, with a test for

interaction (Table 6). Several of the associations between

neighborhood characteristics and cognitive test scores were

stronger within the low PAH exposure stratum.

Sensitivity analyses were considered using urinary PAH

metabolites collected at age 3 as an additional adjustment,

using age 3 addresses for estimation of neighborhood

characteristics, or using inverse probability weighting to

account for loss to follow-up (see Electronic Supplemen-

tary Material). More than half of the cohort participants

(54 %) had moved between recruitment and the year 3

visit. When characteristics of a 1-km network buffer

around each year 3 address were used to predict age 5
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cognitive test scores, some associations were somewhat

attenuated. Associations with high prenatal PAH were

attenuated following inverse probability weighting,

becoming non-significant. However, the association of low

neighborhood English proficiency with lower total and

performance test scores, remained statistically significant

across all three of these sensitivity analyses.

Discussion

Neighborhood-level building dilapidation and low English

language proficiency predicted lower total, verbal, and

performance IQ score at age 5. Even after accounting for

loss to follow-up using inverse probability weighting, low

English language proficiency was significantly associated

Table 1 Individual, household, and neighborhood characteristics

Enrolled in prenatal

sample (N = 727)

Prenatal PAH exposure and

neighborhood assessed (N = 687)

WPPSI-R completed in English

at age 5 years (N = 326)

Gestational age at birth, months 39.3 (1.4) 39.3 (1.4) 39.2 (1.5)

Male 48 % 49 % 49 %

Dominican 65 % 64 % 46 %

Black 35 % 36 % 54 %

Maternal education \ high school 40 % 38 % 38 %

Maternal TONI score (raw) 20.6 (8.7) 20.7 (8.7) 21.7 (8.7)

Tobacco smoke in the home 34 % 34 % 39 %

Indicators of disrepair 1.2 (1.2) 1.2 (1.2) 1.2 (1.3)

HOME quality score 39.4 (6.3) 39.4 (6.2) 40.4 (5.8)

Prenatal Questionnaire in English 60 % 61 % 79 %

English primarily spoken in the home 43 % 43 % 59 %

Both English and Spanish in the home 10 % 10 % 12 %

High PAH 51 % 54 %

Total PAH 3.5 (6.6) 3.5 (4.0)

Total PAH, log-transformed 0.9 (0.8) 0.9 (0.7)

Percent poverty 35.5 (4.9) 35.5 (4.5)

Percent \ high school education 44.1 (6.4) 42.7 (6.8)

Percent low English language proficiency 20.9 (9.2) 18.6 (9.6)

Percent inadequate plumbing 2.4 (0.4) 2.3 (0.4)

Age of WPPSI-R administration, months 60.7 (2.7)

Total WPPSI-R Score 98 (14)

WPPSI-R performance IQ score 104 (15)

WPPSI-R verbal IQ score 93 (14)

Values shown are percent or mean (SD); TONI test of nonverbal intelligence, second edition; HOME home observation for measurement of the

environment, PAH polycyclic aromatic hydrocarbons; WPPSI-R wechsler preschool and primary scale of intelligence-revised

Table 2 Correlations among personal monitoring and neighborhood exposure data

Total

PAH

Disrepair Poverty \High

school

Low English

proficiency

Inadequate

plumbing

Total PAH exposure, log-transformed –

Indicators of disrepair 0.13 –

Neighborhood percent poverty -0.01 -0.06 –

Neighborhood percent \ high school education 0.05 0.00 0.38 –

Neighborhood percent low English proficiency 0.05 0.01 -0.04 0.85 –

Neighborhood percent inadequate plumbing 0.08 0.02 0.24 0.46 0.29 –

PAH polycyclic aromatic hydrocarbons, values shown are correlation coefficients; bold face indicates statistical significance (p \ 0.05);

N = 326
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with age 5 cognitive test scores. High prenatal PAH

exposure predicted lower total and verbal IQ score at age 5.

Measured neighborhood characteristics did not appear to

substantially confound the effect of PAH exposure on

verbal IQ score; although the results were attenuated to

non-significance they remained similar in direction and

magnitude. The present findings suggest that early life

exposure to neighborhood social disadvantages are asso-

ciated with lower test scores at age 5, which may have

detrimental effects on access to educational opportunities

and health outcomes later in life. The associations of

neighborhood social context with IQ tended to be similar

or stronger among children with low PAH exposure.

Dilapidated housing, low neighborhood-level educa-

tional attainment and low neighborhood-level English

language proficiency had the hypothesized association with

lower age 5 IQ scores, but this was largely restricted to the

performance sub-scale. The association may reflect the

presence of multiple exposures to immigrants and minority

families with limited English skills who are more likely to

live in crowded housing (Burr et al. 2010; Standish et al.

2010), have exposure to secondhand smoke (Baezconde-

Garbanati et al. 2011), experience food insecurity (Cutts

et al. 2011; Standish et al. 2010), and develop poor overall

health (Helm et al. 2010). Others have likewise found

infrastructure and neighborhood-level problems to be

associated with poor child development, educational and

health outcomes (Evans 2006; Grady 2011; Helm et al.

2010; Patacchini and Zenou 2010; Tarter et al. 2009).

However, we did not find consistent support for the

hypotheses that neighborhood poverty or infrastructure

problems represented by inadequate plumbing in the

neighborhood would be associated with lower scores. The

lack of association may reflect limited variation in neigh-

borhood context in the recruitment area, as Dominican and

African American study participants were recruited from

low-income areas of Northern Manhattan and the Bronx,

which may limit our statistical power to detect associations

with measured neighborhood characteristics such as pov-

erty or infrastructure in the neighborhood area.

These findings are somewhat consistent with previous

studies showing that prenatal and early life exposure to

family and neighborhood disadvantage variables may be

linked to child IQ (Brooks-Gunn et al. 1996; Duncan et al.

1994; Johnson et al. 2011), language and cognitive devel-

opment (Lloyd et al. 2010; Sharkey and Elwert 2011;

Vaden-Kiernan et al. 2010), and academic performance

(Andreias et al. 2010; Hanson et al. 2011). However, the

exact relationship of disadvantage and childhood IQ is

varied—one study discovered that a combination of

maternal reading scores and neighborhood income levels

accounted for a large portion of educational achievement in

children (Sastry and Pebley 2010), while another suggestedT
a
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that neighborhood quality plays a bigger role in the edu-

cational achievement of children from low-educated fam-

ilies, while family characteristics play a bigger role in the

child’s achievement for high-educated families (Patacchini

and Zenou 2010).

Results from this New York City birth cohort also found

a significant association of low neighborhood English

language proficiency with total IQ. This finding should be

understood in the context of other evidence for beneficial

health and academic outcomes associated with neighbor-

hood exposure to one’s native language and culture,

especially among foreign-born Hispanics (Fernandez and

Nielsen 1986; Park et al. 2008). One study found neigh-

borhood collective efficacy and low neighborhood English

proficiency to have protective effects against depression

among foreign-born Latinos who had resided in the U.S.

for at least 15 years (Vega et al. 2011). However, many

studies show mixed health effects of acculturation that

vary depending on different circumstances, such as amount

of time spent in the U.S. and proficiency in English

(Abraido-Lanza et al. 2005; Franzini et al. 2001; Gallo

et al. 2009; Kao et al. 1995; Scribner 1996). Children

living in limited English households or neighborhoods

have fewer opportunities to speak and develop better

English language skills, which may lead to fewer educa-

tional opportunities and put them at greater risk for lower

academic performance (Hanson et al. 2011; Matute-

Bianchi 1986; Pong and Hao 2007), poor health (Flores

et al. 2005), and other barriers to inclusion in society

(Hernandez et al. 2008; Huston and Bentley 2010) later in

life. The observed association between low neighborhood-

level English language proficiency and IQ test scores in

this study was particularly pronounced for the performance

scale, potentially reflecting a difficulty in understanding

and following test directions in English. However, we do

not have a clear picture for why such an association, if

causal, would be smaller in magnitude for the verbal

subscale of the WPPSI-R. The neighborhood-level limited

English proficiency measure is challenging to interpret in

light of strong correlations with excluded neighborhood

characteristics (racial composition and vacancies), but was

more strongly related to cognitive test scores than these

excluded variables.

Key strengths of this birth cohort study include the

availability and simultaneous consideration of both prenatal

personal PAH and neighborhood address data, the pro-

spective design with both pre- and post-natal time points, the

inclusion of key potential confounders such as maternal IQ

and household English usage, and the use of a validated

cognitive assessment. In addition, our objective neighbor-

hood definition, 1-km network buffers, had the advantage of

placing each child in the center of her own neighborhood and

accounting for major boundaries to pedestrian travel.T
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Table 6 Interaction analyses of PAH exposure with neighborhood

characteristics as predictors of age 5 WPSSI-R scores

Low PAH High PAH Interaction

p value

Neighborhood percent poverty

Total score

b -0.39 -0.79 0.552

95 % CI (-2.89 to 2.12) (-3.82 to 2.24)

Verbal

b 1.60 0.33 0.344

95 % CI (-0.68 to 3.88) (1.71 to 2.36)

Performance

b -2.02 -2.15 0.669

95 % CI (-4.72 to 0.68) (-5.87 to 1.57)

Neighborhood percent \ high school education

Total score

b -1.66 -0.81 0.014

95 % CI (-3.75 to 0.44) (-2.32 to 0.70)

Verbal

b 0.56 0.26 0.207

95 % CI (-1.40 to 2.52) (-0.83 to 1.35)

Performance

b -3.16 -1.84 0.026

95 % CI (-6.03 to -0.29) (-4.02 to 0.34)

Neighborhood percent low English proficiency

Total score

b -3.23 -1.69 0.006

95 % CI (-4.77 to -1.69) (-2.64 to -0.73)

Verbal

b -1.90 -0.51 0.048

95 % CI (-4.36 to 0.56) (-1.30 to 0.28)

Performance

b -3.29 -2.52 0.003

95 % CI (-6.97 to 0.40) (-4.08 to -0.95)

Neighborhood percent inadequate plumbing

Total score

b -0.17 0.88 0.145

95 % CI (-2.27 to 1.93) (-1.08 to 2.84)

Verbal

b 1.24 0.70 0.716

95 % CI (-1.44 to 3.92) (-1.55 to 2.95)

Performance

b -1.14 0.74 0.022

95 % CI (-2.95 to 0.67) (-1.36 to 2.83)

PAH polycyclic aromatic hydrocarbons, for which high values have defined as

above the median of 2.26 ng/m3; the building dilapidation index has a range

from 0 to 4 based on the number of reported problems (e.g., holes in walls,

leaking pipes); neighborhood characteristics (percent poverty, percent not

completing high school, percent low English language proficiency, percent

inadequate plumbing) have been estimated for a 1-km network buffer sur-

rounding the prenatal home address; each neighborhood characteristic was

entered into a separate model and has been rescaled to a z-score such that the

coefficients shown are for a 1 standard deviation increase; all regression

models account for clustering within community districts and adjust the child’s

sex, ethnicity, maternal education, maternal IQ score, environmental tobacco

smoke exposure in the home, quality of the caretaking environment, and home

English language exposure; bold face indicates statistical significance

(p \ 0.05); N = 277T
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However, our study is also limited by its observational

design, restricting our ability to make causal inference.

Furthermore, the cohort includes Dominican and African

American families in low-income neighborhoods of New

York City, limiting geographic variability and generaliz-

ability. Generalizability is also limited by the exclusion of

high risk women from the cohort based on reported sub-

stance use and medical conditions, births that occurred

before third trimester recruitment, and the exclusion of

children who took a different and non-comparable Spanish

version of the WPPSI-R due to limited English proficiency.

The relatively small population size also limits the statis-

tical power available, and particularly limits our ability to

assess statistical interactions. The high correlations among

some neighborhood characteristics limited the number of

characteristics we were able to examine, and limits our

ability to make specific conclusions about low neighbor-

hood English language proficiency, since it was also highly

correlated with other neighborhood characteristics that

were excluded from the analyses. Finally, any measure-

ment error may attenuate or bias the observed associations.

Measurement error in the outcome measure, IQ scores at

age 5, is a concern, and this measure does not perfectly

predict later life intelligence or educational achievement

(Braaten and Norman 2006; Flanagan and Alfonso 1995).

Additionally, the predictive validity of IQ scores in early

and middle childhood may be modified by disadvantaged

family, home and neighborhood settings (Breslau et al.

2001; Cohen and Parmelee 1983; Sameroff et al. 1993).

Summary and Conclusions

This study provides insight into the importance and inter-

relationship of multiple early childhood exposures to

neighborhood disadvantage on cognitive development. In

particular, future research is indicated to investigate early-

life language exposures and other aspects of the social

environment in one’s neighborhood as predictors of cog-

nitive test scores and access to educational opportunities.

More generally, longitudinal research should be conducted

on the role of neighborhood context on chemical toxicant

exposures and health and developmental outcomes in other

populations and settings to inform future public health and

urban planning efforts.
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